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POSITION DETECTING APPARATUS, AND OPTICAL APPARATUS COMPRISING THIS 

AND POSITION DETECTING METHOD 

BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION 

[0001] The present invention relates to a position detecting 

apparatus and a position detecting method each of which uses a 
magneto-resistive (MR) element, an optical sensor-, and the like, and 
further an optical apparatus that uses these. 

2. DESCRIPTION OF RELATED ART 

[0002] Conventionally, a position detecting apparatus that uses a 
magnetoresistive element (hereinafter, this is called an MR element) 
detects a position by selecting a phase having a signal component with 
excellent linearity among sinusoidal signal components from the MR 
element with a plurality of phases, arid by performing the calculation 
of Interpolating the signal component. 

[0003] Here, in general, outputs with a plurality of phases from the 
MR element are different in their amplitude and levels of their 
amplitude centers as shown in Fig. 22. Their- gains and offsets are 
adjusted so that the amplitude and the amplitude centers may become in 
similar levels respectively as shown in Fig. 23 since enough accuracy 
is not obtained when the outputs are used for position detection as it 
is. 

[0004] Gains and offsets of outputs of an MR element vary by assembly 
errors of the sensor, errors of electric characteristics of circuits, 
a characteristic change of the sensor due to temperature , and the like 
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In an individual product. It Is necessary to adjust the gains and 
offsets adequately according to these so as to keep the high accuracy 
of position detection of a lens. 

[0005] The following means Is proposed as a method for performing 
this adjustment. Namely, a lens that is a measuring object is moved 
longer than one period of a sine wave output of an MR sensor at the 
time of power-on or a system reset. At that time, gain and offset 
adjustment data are obtained from maximum and minimum values of sensor 
outputs, sampled in a specific period, from an A/D converter. 
[0006] Then, the gains and offsets are adjusted by processing the 
sensor output data, fetched from the A/D converter, by using this 
adjustment data so that the amplitude and amplitude centers may become 
in similar levels respectively. 

[0007] Namely, the lens that is a measuring object is moved longer 
than one period of a sine wave output of the MR sensor. Specifically, 
let MAX and MEN be the maximum value and minimum value of the MR 
sensor output respectively, and the gain GAIN and offset OFFSET that 
are the adjustment data are calculated from the following Expressions 
(1) and (2). Nevertheless, BANCS denotes a dynamic range of the sensor 
output data after adjustment. 
[0008] 

GAIN- _<l> 
MAX - MIN 

[0009] 

OFFSET • MAX + MIN ..(2) 
2 

[0010] An output OUTPUT, whose gain and offset are adjusted, is 



obtained by applying a connection expression of Expression (3) to the 
MR sensor output MR from GAJN and OFFSET that are obtained here. 
[0011] 

OUTPUT - (MR - OFFSET) x GAIN _ < 3 ) 

[0012] Such gain and offset adjustment of an output from an MR sensor 
is proposed in Japanese Patent Laid-Open No. H06( 1994) -105206 
(corresponding to US Patent No. 5,453,684). 

[0013] Nevertheless , only after the lens moves by one period of a 
sine wave output of the MR sensor, adjustment data (GAIN and OFFSET) 
can be obtained in the above -described conventional example. Therefore, 
as shown in Fig. 24, when the lens is in a position P, the adjustment 
data are obtained by using a maximum value MAX1 and a minimum value 
MINI in an adjacent period thereof, not by using a maximum value MAX2 
and a minimum value MIN2 in a sine wave period where the lens exists 
currently - 

[0014] In general, the amplitude of an output signal from an MR 
sensor varies depending on a lens position in the direction of a 
measurement axis because of an assembly error of a sensor magnet, and 
the like* Hence, it may arise that the accuracy of position detection 
decreases since correct adjustment data in a current position of the 
lens is not obtained by the above-described method. 

[0015] In addition, in the above-described conventional example, 
adjustment data are not updated when the lens repeats long-time moves 
or stays for a long time in a range within one period or less of a 
sine wave output of the MR sensor. Hence, it may arise that the 
accuracy of position detection decreases since a gain fluctuation 
and/or an offset fluctuation that are caused by a temperature change 



In the meantime are note adjusted. 

[0016] Moreover , since a sampling rate becomes low at the time of 
fetching an MR sensor output into an A/D converter when the moving 
speed of the lens is fast, it is not possible to surely fetch maximum 
and minimum values of the sensor output. Therefore, when the lens 
moves at more than a speed -Fie speed, it may arise that the accuracy of 
position detection decrease since neither the gain adjustment nor the 
offset adjustment are correctly performed. 

[0017] Namely, in order to obtain the maximum value MAX and the 
minimum value MIN in one period of the MR sensor output accurately, it 
is necessary to surely sample the maximum value and minimum value by 
moving the lens at sufficiently low speed as shown in Fig. 25. This is 
because it is not possible to sample the maximum value and minimum 
value in one period since sampling becomes rough in comparison with 
the one period as shown in Fig. 26 when the lens moves at high speed. 
[0018] On the other hand, the position calculation is performed at 
the time of power-on or a system reset by using predetermined suitable 
initial data since the maximum value and minimum value in one period 
of the MR sensor output are uncertain. However, it is not possible to 
perform accurate position calculation since this initial data is not 
obtained with the above-described errors being considered. 
[0019] Here, when the position detection by an MR element is used for 
the position control of a lens in an optical system, the control of 
the lens is achieved by servo control of feeding back: the result of 
position detection by the MR element. However, the lens control 
becomes unstable by the above-described reason since the position 
calculation is inaccurate at the time of the power-on or system reset. 
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Hence, a phenomenon that the lens moves to a mechanical limit at high 
speed at a dash arises. 

[0020] Therefore, since san^llng rou^iens immediately after the 
power-on or system reset since the moving speed of the lens is too 
fast, it is not possible to obtain the accurate maximum value and 
minimum value of the MR sensor output . 

[0021] Up to now, adjustment data (GAIN and OFFSET) obtained by 
making the moving speed controllable by performing the control of 
reciprocating the lens two or more times. Nevertheless, though 
accurate adjustment data is obtained by this method, extra lens reset 
time is required because of reciprocating the lens two or more times. 

SUM4ARY OF THE INVENTION 

[0022] The present invention aims to provide a position detecting 
apparatus and a position detecting method that can adequately perform 
gain adjustment and offset adjustment and can suppress the decrease in 
position detection accuracy. 

[0023] In addition, the present invention aims to provide a position 
detecting apparatus and a position detecting method that can quickly 
stabilize the control of an object inmed lately after power-on or a 
system reset. 

[0024] A position detecting apparatus according to the present 
invention includes a position sensor that outputs at least two-phases 
of position detecting signals that change periodically or sinusoidal 1y 
according to the movement of an object; a signal adjusting unit that 
performs gain and offset adjustment of each of the position detecting 
signals by using adjustment data; an calculation unit that obtains a 
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position of the object: on the basis of the position detecting signals 
whose gains and offsets are adjusted; a counter that counts a wave 
number of the position detecting signals from a reference position; 
and a memory circuit that stores adjustment data corresponding to the 
wave number • Then, the signal adjusting unit adjusts gains and offsets 
of the position detecting signals on the basis of the adjustment data 
that is stored in the memory circuit and corresponds to the wave 
number that was counted by the counter. 

[0025] In addition, a position detecting method according to the 
present Invention is a method of adjusting gains and offsets of at 
least two phases of position detecting signals that change 
periodically or sinusoidally and are output ted frxm a position sensor 
according to the movement of an object, and obtaining a position of 
the object on the basis of the position detecting signals whose gains 
and offsets are adjusted. Furthermore, the position detecting method 
has a step of counting a wave number of the position detecting signals 
from a reference position; a step of obtaining adjustment data 
corresponding to the wave number that was counted; and a step of 
adjusting gains and offsets of the position detecting signals on the 
basis of the obtained adjustment data. 

[0026] Moreover, a position detecting apparatus according to the 
present invention Includes a position sensor that outputs at least 
two-phases of position detecting signals that change periodically or 
sinusoidally according to the movement of an object, a signal 
adjusting unit that performs gain and offset adjustment of each of the 
position detecting signals by using adjustment data, an calculation 
unit that obtains a position of the object on the basis of the 
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position detecting signals whose gains and offsets are adjusted, and a 
nonvolatile memory circuit that can store the adjustment data 
nonvolatilely. Then, the nonvolatile memory circuit maintains storing 
the adjustment data at least until the position detecting apparatus 
operates this time. In addition, at the time of this operation start 
above described, the signal adjusting unit perforins the gain and 
offset adjustment by using the adjustment data that is stored in the 
nonvolatile memory circuit, 

[0027] Furthermore, a position detecting method according to; the 
present invention adjusts gains and offsets of an at least two phases 
of position detecting signals that change periodically or sinusoidal 1y 
and are outputted from a signal output unit according to the movement 
of an object, and obtains a position of the object on the basis of the 
position detecting signals whose gains and offsets are adjusted* Then, 
the position detecting method has a first step of making the 
adjustment data, used for the gain and offset adjustment, stored 
nonvolatilely, and a second step of performing the gain and offset 
adjustment by vising the stored adjustment data as initial data when 
starting position detecting operation after the first step, 

[0028] The features of the position detecting apparatus, optical 
apparatus, and position detecting method according to the present 
invention will become clear by the explanation of the following 
specific embodiments with referring to drawings, 

BRIEF DESCRIPTION OF TOE DRAWINGS 

[0029] Fig. 1 is a block: diagram showing the structure of a camera 
comprising a position detecting apparatus that is Embodiment: 1 of the 



present invention, 

[0030] Figs. 2(A) and 2(B) are schematic diagrams for explaining an 
MR sensor constituting the position detecting apparatus according to 
Embodiment 1, and Fig. 2(C) is a schematic dl agram showing the 
structure of an optical sensor. 

[0031] Fig. 3 is a graph showing wave numbers counted by a wave 
counting section in Embodiment 1. 

[0032] Fig. 4 is a flow chart showing the processing of obtaining 
adjustment information corresponding to each wave of a sensor output 
for a full stroke in Embodiment 1. 

[0033] Fig. 5 is a flow chart showing gain adjustment processing and 
offset adjustment processing in a normal control mode in Embodiment 1. 

[0034] Fig. 6 is a block diagram showing the structure of a camera 
comprising a position detecting apparatus that is Embodiment 2 of the 
present invention. 

[0035] Fig. 7 is a graph showing a linear amplitude vs. temperature 
characteristic of an MR sensor output. 

[0036] Fig. 8 is a graph showing a linear amplitude vs. lens moving 
speed characteristic of an MR sensor output. 

[0037] Fig. 9 is a graph showing a linear amplitude center vs. 
temperature characteristic of an MR sensor output. 

[0038] Fig. 10 is a graph showing a linear amplitude center vs. lens 
moving speed characteristic of an MR sensor output. 

[0039] Fig. 11 is a graph showing a curvilinear amplitude vs. 
temperature characteristic of an MR sensor output. 

[0040] Fig. 12 is a graph showing a curvilinear amplitude vs. lens 
moving speed characteristic of an MR sensor output. 
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[0041] F±g. 13 Is a graph showing a curvilinear amplitude center vs. 
tenperature characteristic of an MR sensor output. 

[0042] Fig. 14 Is a graph showing a curvilinear amplitude center vs. 
lens moving speed characteristic of an MR sensor output. 
[0043] Fig. 15 Is a block diagram showing the structure of a camera 
comprising a position detecting apparatus that is Embodiment 3 of the 
present invention. 

[0044] Fig. 16 is a flow chart showing the operation for obtaining 
initial gain and offset adjustment data of an MR sensor output In the 
camera according to Embodiment 3. 

[0045] Fig. 17 is a flow chart showing the operation for obtaining 
gain and offset adjustment data of an MR sensor output in the camera 
according to Embodiment 3. 

[0046] Fig. 18 is a block diagram showing the structure of a camera 
comprising a position detecting apparatus that is Embodiment 4 of the 
present invention. 

[0047] Fig. 19 is a flow chart showing the operation for obtaining 
gain and offset adjustment data of an MR sensor output in the camera 
according to Embodiment 4. 

[0048] Fig. 20 is a block diagram showing the structure of a camera 
comprising a position detecting apparatus that is Embodiment 5 of the 
present invention. 

[0049] Fig. 21 is a block diagram showing the structure of a camera 
comprising a position detecting apparatus that is Embodiment 6 of the 
present invention. 

[0050] Fig. 22 is a graph showing a state that the amplitude and 
levels of amplitude centers of two phases of output signals from an MR 
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sensor are different. 

[0051] Fig. 23 Is a graph showing a state that the amplitude and 
levels of amplitude centers of two phases of output signals from an MR 
sensor become in similar levels respectively. 

[0052] Fig. 24 Is a graph showing the relation between the adjustment 
data and the period of an MR sensor output that are obtained in prior 
art. 

[0O53] Fig. 25 is a graph showing a state that maximum and minimum 
values of an MR sensor output are correctly sampled. 

[0054] Fig. 26 is a graph showing a state that maximum and minimum 
values of an MR sensor output are not correctly sampled. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0055] Hereinafter, embodiments of the present invention will be 
explained with referring to drawings. 
[0056] (Bribodiment 1) 

[0057] Fig. 1 shows the structure of a camera (optical apparatus) 
comprising a position detecting apparatus that is Embodiment 1 of the 
present invention. 

[0058] In Fig. 1, numerical reference 100 denotes a camera, and 
numerical reference 110 denotes a lens barrel provided in the camera 
100. In addition, the present invention can be applied also to an 
interchangeable lens system though a camera integrated with a lens 
barrel is described in this embodiment. 

[0O59] Numerical reference 120 denotes an image pickup optical system 
provided in the lens barrel 110, and 1 denotes a focus lens (optical 
element) included in the image pickup optical system 120. This focus 
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lens 1 moves ±n the direction of an optical axis (cross direction In 
Fig . 1 ) since a driving force from a lens driving motor 10 Is 
transmitted through a driving mechanism not shown. 

[0060] In addition , numerical reference 20 denotes an Image pickup 
device such as a CCD, or a CMOS sensor, and receives a subject image 
formed by the image pickup optical system 120 and transduces it 
photoelectrical 1y . A signal outputted from the image pickup device 20 
becomes a picture signal by being given various types of processing by 
a processing circuit not shown. And, the signal is recorded on a 
recording medium (tape, semiconductor memory, and optical disk, etc.) 
not shown, and is displayed on an electronic viewfinder (LCD etc.) not 
shown. 

[0061] Fig. 2(A) is an external perspective view of a position 
detecting apparatus according to this embodiment, and Fig. 2(B) Is a 
sectional view taken in the A direction in Fig. 2(A). Figs. 2(A) and 
2(B) show an exanple of applying the position detecting apparatus 
according to this embodiment to the position detection of the focus 
lens 1 retained in a lens supporting frame 900 in the camera 100. 
[0062] A detecting magnet (magnetic member) 2b that extends in the 
direction of an optical axis 902 (namely, in the direction of a 
measurement axis in the position detecting apparatus) and is 
magnetized In a specific pattern so as to become a reverse polarity 
alternately in the direction of the optical axis is arranged In the 
outer circumferential surface of the lens supporting frame 900 
integrally. This detecting magnet 2b and an MR sensor 2a that are 
arranged with facing in a predetermined gap g detect the movement of 
the focus lens 1 in the x and x' directions along the direction of the 
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optical axis* 

[0063] The lens supporting frame 900 may be shorter or longer than 
the detecting magnet 2b though the lens supporting frame 900 Is set to 
be equal to the detecting magnet 2b in length In the direction of the 
optical axis in Fig. 2(A) • In addition, since the principle of the 
position detection, the structure, and the like of an MR sensor are 
publicly known, the explanation of them is omitted here. 
[0064] Here, though such structure that the detecting magnet 2b can 
move integrally with the focus lens 1 (and, the lens supporting frame 
900) as a measuring object is adopted, the present invention is not 
limited to this. It is also good to arrange the MR sensor In the side 
of the measuring object that moves. 

[0065] When the lens supporting frame 900 moves in the x and x' 
directions to the MR sensor 2a ( namely, when the MR sensor 2a and 
detecting magnet 2b relatively moves in the x and x f directions), two 
phases of sinusoidal position detecting signals are outputted from the 
MR sensor* 2a acoorxilng to its displacement. 

[0066] In addition. In this embodiment, though outputs of the MR 
sensor 2a (position detecting signals) are made to be two phases, that 
is, a sine wave and a cosine wave, the scope of the present invention 
is not limited to this mode. For* example, the present invention is 
also applicable to the outputs of the MR sensor with three or more 
phases. Here, a reason why at least two phases of position detecting 
signals are required is to detect a displacement amount by addition or 
subtraction of a wave number by a counter after determining the moving 
direction from the advance or* delay of phases between two sinusoidal 
signals having phase difference. 



- 12 - 



[0067] In addition, the present invention is not limited to 

applications where output signals change slnusoldally like the outputs 
of an MR sensor, but can be also applied to ones whose output signals 
change periodically. 

[0068] The, position detecting signals from the MR sensor 2a 

corresponding to a position of the focus lens 1 in the x and x 1 
directions are amplified by analog amplifiers 3a and 3b, and are given 
digital conversion by an A/D converter 5 through sanple-and-hold 
circuits 4a and 4b. The gains and offsets of the outputs of the MR 
sensor 2a that are fetched in this manner are adjusted by a gain and 
offset adjusting section 6 for respective phases. 

[0069] Thereafter, the position of the focus lens 1 that is the 
measuring object is calculated and determined by a position 
calculating section 7 on the basis of the position detecting signals 
whose gains and offsets are adjusted. 

[0070] Thus, the lens position data obtained by the position 

calculating section 7 is sent to a lens controller 8. The lens 
controller 8 calculates the position of the focus lens 1, where the 
focusing of an image pickup optical system 120 is given, on the basis 
of the focusing state of the image pickup optical system 120 that is 
detected by a phase difference detection system etc. in a focus 
detecting unit 15 • Furthermore, the lens controller 8 outputs a 
control signal for driving the focus lens 1 to a driving circuit 9 so 
that the lens position data may coincide with a calculated lens 
position. Then, the driving circuit 9 drives a lens driving motor 10 
according to the inputted control signal. Owing to this, the position 
of the focus lens 1 is servo-controlled toward the focused position. 
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In addition, a control method of the focus lens 1 Is not limited to 
the above-described one. 

[0071] Numerical reference 11 denotes a wave counting section 
(counter) , which counts what wave miriber the position of the focus 

lens 1 (hereinafter, this is simply called a lens position) Is from a 

reference position at a certain point in time as showing in Fig. 3. 

Uiis graph shows a state that the focus lens 1 is in a third, wave 

position. 

[0072] Numerical reference 12 denotes an adjustment data memory 
section, which stores beforehand adjustment data corresponding to the 
wave number of the output position detecting signals outputted from 
the MR sensor 2a. 

[0073] On the basis of the wave number in a current position of the 
focus lens 1 that is counted by the wave counting section 11, the gain 
and offset adjusting section 6 fetches adjustment data corresponding 
to the wave number from the adjustment data memory section 12. TOien, 
the gain and offset adjusting section 6 adjusts a gain and an offset 
of the position detecting signal corresponding to the wave number by 
the above-described Expression ( 3 ) on the basis of this adjustment 
data. 

[0074] In addition, it is acceptable that the adjustment data stored 
in the adjustment data memory section 12 is a maximum value MAX and a 
minimum value MIN, which are shown in Expressions (1) and (2), though 
the adjustment data is explained as values of GAIN and OFFSET that are 
shown in Expression (3) in this embodiment. 

[0075] In addition, each component included in an area enclosed by 
dotted and dashed lines in Fig . 1 Is constituted as hardware or 
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software in a camera CPU 105 oontxolUng various functions of the 
camera 100. However, it Is also good to provide the ooroponents in a 
lens CPU controlling various functions of an interchangeable lens 
apparatus (not shown) . 

[0076] Hereinafter, the processing of obtaining adjustment data 
corresponding to each wave of a sensor output for a full stroke will 
be described with referring to a flow chart shown in Fig. 4. This 
processing is executed by the camera CPU 105 at the time of power-on 
or a reset of the lens system. In addition, the following processing 
is performed for each of plural phases of outputs of the MR sensor 2a. 
[0077] Firstly, at step S02, the camera CPU 105 makes the lens 
controller 8 sends a signal, which drives a focus lens 1 in the x 
direction (plus direction) in Fig. 2, to the driving circuit 9 so as 
to obtain rough adjustment data for servo-controlling the focus lens 1. 
Then, at steps S03 and S04, the camera CPU 105 makes the gain and 
offset adjusting section 6 detect maximum and minimum values of the 
outputs of the MR sensor 2a while the focus lens 1 moves. Moreover, 
the camera CPU 105 determines whether the focus lens 1 reaches a 
stroke end at step SOS. When the focus lens 1 reaches the stroke end, 
the camera CPU 105 calculates and stores adjustment data from the 
detected maximum and minimum values at step S06. Here, it is also good 
either to detect by an optical sensor etc. whether the focus lens 1 
reaches the stroke end, or to determine whether a predetermined time 
has elapsed from driving start. 

[0078] Next, so as to return the focus lens 1 to the reference 
position, the camera CPU 105 makes the lens controller 8 send a signal, 
which drives the focus lens 1 in the x' direction (minus direction) in 
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Fig, 2, to the driving circuit 9 at step S07. At this time, the camera 
CPU 105 makes the gain and offset adjusting section 6 detect maximum 
and minimum values of the MR sensor outputs at steps S08 and S09 also 
while the focus lens 1 moves. 

[0079] At step S10, the camera CPU 105 calculates adjustment data 
from the maximum and minimum values detected at step Sll when the 
focus lens 1 reaches the stroke end, and makes the adjustment data 
memory section 12 store the adjustment data. It is also good either to 
detect whether the focus lens 1 has reached the reference position by 
an optical sensor etc. , or to determine whether a predetermined time 
has elapsed from driving start. 

[0080] Subsequently, the camera CPU 105 obtains adjustment data every 
wave number. First of all, at step SI 2, the camera CPU 105 Initializes 
a wave number counter n of the wave counting section 11 Into zero. 
Then, the camera CPU 105 drives the focus lens 1 in the x direction 
(plus direction) in Fig. 2 at step S13, and makes the gain and offset 
adjusting section 6 detect the maximum and minimum values of the 
outputs of the MR sensor 2a at steps S14 and S15 while the focus lens 
1 moves. The camera CPU 105 determines at step S16 whether the focus 
lens 1 has reached the stroke end while moving, and when it has 
reached the stroke end, the camera CPU 105 finishes data acquisition 
and shifts to a normal control mode. 

[0081] On the other hand, when the focus lens 1 has not reached the 
stroke end yet, the camera CPU 105 determines from an output state of 
the MR sensor 2a at step S17 whether the focus lens 1 moves more than 
one wavelength. This determination can be performed, for example, by 
checking whether the output value of the MR sensor 2a changes from a 
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negative value to a positive vale. 

[0082] Here, the process returns to step S13 when the focus lens 1 
has not moved by one wave number yet, and the camera CPU 105 makes the 
gain and offset adjusting section 6 continue to detect the maximum and 
minimum values of the outputs of the MR sensor 2a. On the other hand, 
when determining that the focus lens 1 has moved more than one wave 
number, the camera CPU 105 makes the gain and offset adjusting section 
6 calculate adjustment data from the maximum and the minimum values of 
the outputs of the MR sensor 2a, which are detected at that time, at 
step S18. Then, the camera CPU 105 makes this adjustment data stored 
in the nth storage a r ea of the adjustment data memory section 12 at 
step S19. 

[0083] Since the adjustment data worth of one wave is obtained by the 
above, the camera CPU 105 adds one to the wave counter n of the wave 
counting section 11 at step S20 . The process returns to step S13 after 
the camera CPU 105 resets the maximum and minimum values at Step S21, 
and the above- described processing is repeated for a subsequent wave. 
This processing is repeated until the focus lens 1 reaches the stroke 
end. 

[0084] In addition, this processing is executed every time on the 
power-cm, reset, and adjustment of the reference position of the lens 
system, and the adjustment data is obtained each time. Hence, it is 
possible to use a volatile recording medium such as DRAM as the 
adjustment data memory section 12, which is preferable in the 
viewpoint of cost. 

[0085] Next, gain adjustment processing and offset adjustment 

processing in a normal control mode that the camera CPU 105 executes 
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will be described according to a flow chart shown in Fig. 5. The 
following processing is performed for each of plural phases of outputs 
of the MR sensor 2a. 

[0086] Firstly, the camera CPU 105 samples the outputs of the MR 
sensor 2a at step S32, and next, makes the wave counting section 11 
obtain a wave number in a current position of the focus lens 1 at step 
S33. For example, it is possible to obtain wave numbers in the current 
position by making a wave number be zero in the state that the focus 
lens 1 is in the reference position when the focus lens 1 is reset and 
counting up or down the wave number according to a moving direction of 
the focus lens 1 each time the focus lens 1 moves by one wavelength of 
the output of the MR sensor 2a. 

10087] It is determined at step S34 whether the wave number in the 
current position obtained here is the same as that at the former 
sampling time. Since it is not necessary to update the adjustment data 
if being the same as that at the former sampling time, the process 
advances to gain adjustment processing and offset adjustment 
processing at step S37. 

[0088] On the other hand, the process advances to step S35 if the 
wave numbers are different. At step S35, the camera CPU 105 makes the 
gain and offset adjusting section 6 obtain the adjustment data, 
corresponding to the current wave number, from the adjustment data 
memory section 12, and makes the gain and offset adjusting section 6 
set this obtained adjustment data at step S36. Then, the camera CPU 
105 makes the gain and offset adjusting section 6 perform the gain 
adjustment and offset adjustment by Expression (3) by using the set 
adjustment data at step S37. 



- 18 - 



I 1 
t I 

[0089] At step S38, the camera CPU 105 makes the position calculating 
portion 7 perform lens position calculation processing toy using the 
sensor output after the adjustment, and the process returns to step 
S3 2, In addition , the lens position data obtained by the lens 
position calculation processing is sent to the lens controller 8, and 
is used for the position control of the focus lens 1. 

[0090] Owing to the structure shown in the above. It is possible to 
adequately adjust the gains and offsets of the outputs of the MR 
sensor 2a according to the wave number of the outputs of the MR sensor 
2a in the current position of the focus lens 1. Consequently, it 
becomes possible to accurately grasp the phase relation between 
respective phases of sinusoidal signals that are the position 
detecting signals, and it is possible to improve measurement accuracy 
as a position detecting apparatus. 

[0091] (Embodiment 2) 

Fig. 6 shows the structure of a camera (optical apparatus) 
comprising a position detecting apparatus that is Embodiment 2 of the 
present Invention. In addition, the same numerical references are 
assigned in this embodiment to components common to those in 
Embodiment 1. 

[0092] This embodiment has the structure of comprising an adjustment 
data memory section 13, where a nonvolatile storage medium is used, 
and a tenqperature sensor 14 in addition to Embodiment 1 above 
described. This temperature sensor 14 detects the temperature of a 
surrounding area of the MR sensor 2a ( namely , an area whose 
tenperature change influences the detection performance of the MR 



- 19 - 



sensor 2a) . TCie output of the temperature sensor 14 ±s amplified by an 
analog amplifier 3c provided ±n a camera CPU 105 1 and ±s converted 
digitally by an A/D converter 5 through a sample-bold circuit 4c. T3ie 
structure of other portions except this is similar to that in 
Embodiment 1 above described. 

(0093] In addition, when the camera 100 according to this embodiment 
has a function of correcting defocus due to temperature, namely, 
correcting a focusing position of the focus lens 1, which is 
calculated on the basis of data from a focus detecting unit 15 , 
according to temperature, and suppressing focus point fluctuation due 
to the deformation of an Image pickup optical system 120 and a 
mechanical member supporting this that is caused by a teniperatrure 
change, it is also possible to use this tenperature sensor 14 as a 
temperature sensor for correcting the focus point fluctuation. Owing 
to this , it is possible to reduce cost in comparison with the case 
that the temperature sensor 14 is provided independently of a 
tenperature sensor for defocus correction, and, it is also possible to 
miniaturize a camera. 

[0094] Furthermore, since the processing of obtaining the adjustment 
data corresponding to each wave of the outputs of the MR sensor 2a 
over a full stroke in a moving range of the focus lens in this 
embodiment is similar to that in Embodiment 1 above described, its 
description is omitted. 

[00951 Hereinafter, processing of adjusting the gain and offset 
fluctuation of the MR sensor 2a to changes of environmental 
tenperature and lens moving speed will be described. Nevertheless, 
since contents of gain and offset adjustment processing are almost 
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similar to those In Embodiment 1 above described, hereinafter, the 
gain adjustment processing will be mainly described, and the offset 
adjustment processing will be described only for characteristic 
portions. In addition, the moving speed here means relative moving 
speed of the MR sensor 2a and detecting magnet 2b in an optical axis 
direction (x and x' directions) . 

[0096] T5ie nonvolatile adjustment data memory section 13 is made to 
store the variability data of gain adjustment and offset adjustment of 
position detecting signals, corresponding to changes of lens moving 
speed and environmental temperature, beforehand as part of adjustment 
Information . 

[0097] Since the nonvolatile adjustment data memory section 13 is 
constituted by nonvolatile memory such as EEPROM, where contents are 
stored even when the power is turned off. 

[0098] Hereinafter, the gain adjustment processing at the time when 
it is assumed that the anplitude (MAX - MIN) of the output of the MR 
sensor 2a 1 1 nearly changes to the temperature and speed as shown in 
Figs* 7 and 8 will be described. 

[ 0099 ] First of all , an inclination 1 1/°C] of the temperature 

variability of amplitude base on amplitude at reference temperature T 0 
that Is shown in Fig, 7, and an inclination Kvg [l/(m/s)] of the speed 
variability of amplitude based on amplitude at the reference speed V 0 
that is shown in Fig. 8 aire obtained by a sensor characteristic test 
as variability data. These variability data is stored in the 
nonvolatile adjustment data memory section 13. 

[0100] When the processing that a gain GAIN is obtained and stored 
every wave and that is described in Embodiment 1 is executed, a gain 
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GAINo at the reference temperature To and reference speed V , which is 
obtained by Expression (4), Instead of the gain GAIN obtained by 
Expression (1) is stored In the volatile adjustment data memory 
section 12. Here, Timet denotes the ten?>erature that is obtained by 
sampling an output from the temperature sensor 14 when the data of 
each wave number is obtained. In addition, Vmrr denotes the lens speed 
at the time of obtaining the data of each wave. If the lens speed is 
controlled to become Vbot - V 0 , the calculation of the last term in the 
rlgfrt side is omissible. 
[0101] 

GAIN 0 "^^^^^ -r 0 )KL + K w (F w -V Q )} ..(4) 

[0102] The correction processing at the normal operation that uses 
this adjustment data is performed as follows. The processing comprises 
the steps of sampling outputs of the MR sensor 2a, obtaining a wave 
number at a current lens position in the wave counting section 11, and 
obtaining gain adjustment data GAINo in the current wave number from 
the adjustment data memory section 12. These processing is performed 
similarly to the case described in Embodiment 1. 

[0103] Moreover, the processing further comprises the steps of also 
sampling an output T from the temperature sensor 14 when the outputs 
from the MR sensor 2a are sampled, obtaining the moving speed V of the 
focus lens 1 from target speed or a target position of lens servo - 
control, and obtaining a gain GAIN corresponding to the temperature T 
and moving speed V by Expression (5) . 
[0104] 
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GAIN - -r 2? r _(5) 

$ + K JV (T-T 0 )fr + Ky G (r-V 0 )} 

[0105] "Hie gain adjustment of the outputs from the MR sensor 2a is 
performed by the gain and offset adjusting section 6 by using the gain 
GAIN obtained In this manner. Hereinafter, the lens position 
calculation etc* axe executed similarly to those in Embodiment 1. 
[0106] In addition, as for the offset, the offset adjustment is 
performed similarly to Embodiment 1 by using Expression (6) Instead of 
Expression (4) and by using Expression (7) instead, of Expression (5). 
Here, Kicks [1/°C] denotes an inclination of the temperature variability 
of the amplitude center based on an amplitude center at the reference 
temperature T 0 as shown in Fig. 9, In addition, Kksts [ 1/ (m/s ) ] denotes 
an inclination of a speed variability of the amplitude center based on 
the aitipli Lucie uenter at the reference speed V 0 as shown in Fig* 10. 
Both are stored in the nonvolatile adjustment data memory section 13 
after being obtained in the sensor characteristic test. 
[0107] 

OFFSET* ~ MAX+MIN 

2{l + K TOFFS (T^ - r 0 )){l + iW* - V o)) 

(0108] 

OFFSET - OFFSET^* (T -T Q )}fr + (V -K 0 )} .„( 7 ) 

[0109] Owing to the above processing, it becomes possible to perform 
appropriate adjustment also to the fluctuation of the outputs of the 
MR sensor 2a due to a change of environmental temperature and a change 
of the lens moving speed. Namely, variability information 

corresponding to the change of environmental temperature around the MR 
sensor 2a, and variability data corresponding to the change of the 
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relative moving speed between the MR sensor 2a and detecting magnet 2b 
are made to be stored In the nonvolatile adjustment data memory 
section 13 beforehand, Then, vftien the gain adjustment and offset 
adjustment of the position detecting signals Is performed In the gain 
and offset adjusting section 6, the gain adjustment and offset 
adjustment of the position detecting signals are performed on the 
basis of the variability data corresponding to the environmental 
temperature and relative speed at that time. 

[01101 In addition, though, the gain adjustment and offset adjustment 
that are based on the variability data corresponding to both of the 
environmental temperature and relative speed are performed in this 
embodiment, the present invention is not limited to this* That is, it 
is also possible to perform the gain adjustment and offset adjustment 
that is based on the variability data corresponding to only the 
environmental temperature or the variability data corresponding to 
only the relative speed. 

[0111] In the above description, the adjusting method at the time 
when it is assumed that the output amplitude (MAX - MIN) of the MR 
sensor 2a linearly changes to the temperature and speed Is described. 
Nevertheless, depending on characteristics of the MR sensor 2a and 
amplifier circuits 3a to 3c, etc., the output amplitude of the MR 
sensor 2a curvi 1 1 nearly changes to the temperature and speed. Hence, 
it may be supposed that the linear approximation is insufficient. 
Hereinafter, a gain adjusting method in such a case will be described. 
[0112] First of all, a temperature variability of amplitude based on 
amplitude at the reference temperature T 0 , and a speed variability of 
amplitude based on amplitude at the reference speed V 0 are obtained by 
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a sensor characteristic test. Then, they are approximated with 
polygonal lines I*rc(l) to I*rc(N) , and Lvg(1) to Lvg(N) as shown in Figs. 
11 and 12 respectively. 

[0113] On the basis of this data, ten^>erature T G (k) at a breaking 
point of the temperature variability of amplitude , speed V G (k) at a 
breaking point of the velocity variability of amplitude, and data 
Kro(k) , Bro(k), K^(k) , and Bvc(k) that are expressed in Expressions (8) 
to (11) are stored for k = 1 to N respectively as adjustment data in 
the nonvolatile adjustment data memory section 13. Here, Kro(k) [1/°C] 
denotes an inclination of a polygonal line I*ro(k) , and Bro(k) denotes an 
intercept wiien 1^ (k) is extended to T = T 0 . In addition, Kvc(k) 
[l/(m/s)] denotes an inclination of a polygonal line LV G (k) , and Bvc(k) 
denotes an Intercept \tfien Lvc(k) is extended to V ■ V 0 . In addition, 
Wr(k) and W^(k) denote the amplitude variabilities at breaking points 
of the temperature variability and speed variability respectively. 
[0114] 

mK > T a (k + l)-T G (k) 
[0115] 

B 7G (k) = K TX ;(k){T 0 -T a (k)}+W T (k) 9 ) 

[0116] 

wW V a (k + l)-V G (k) 
[0117] 

B ya (k) - - V a (fc)}+ W v ik) ~(U) 

[0118] Next, when the gain GAIN of each, wave described In Embodiment 

1 is obtained and stored, a gain GAIN 0 at reference temperature T 0 and 



- 25 - 



I I 

• I 

reference speed V 0 that is obtained by Expression (12) Is stored In the 
volatile adjustment data memory section 12 instead of the gain GAIN 
obtained by Expression (1). Here, Tmrr denotes temperature that is 
obtained by sampling an output from the tecnperature sensor 14 when the 
data of each wave number is obtained. In addition, K TC (3c) and Big (k) 
denote an inclination and intercept data at such a breaking point that 
T G (k) < Tjktt < T G (k+l) holds among k *= 1 to N. In addition, Vjktt denotes 
lens speed at the time when the data of each wave number is obtained, 
and Kvg (k) and (k) denote an inclination and intercept data at such 
a breaking point that V G (k) < Vmt < V G (k+l) holds among k «= 1 to N. If 
the lens speed is controlled to become Ymrr » V 0 , the calculation of 
the last term in the right side is omissible. 
[0119] 

GAIN, ~ J^-MIN fr"<*^«" - r °) + ^(*)K K ^( fc )(^r -™) + 2? w (*)} 

~(12) 

[0120] The correction processing at the normal operation that uses 
this adjustment data is performed as follows. The processing comprises 
the steps of sampling outputs of the MR sensor 2a, obtaining a wave 
number at a current lens position in the wave counting section 11, and 
obtaining gain adjustment data GAINq In the current wave number from an 
adjustment data memory section 12 . These processing is performed 
similarly to the case described in Embodiment 1. 

[0121] Moreover, the processing further comprises the steps of also 
sampling an output T from the temperature sensor 14 when the outputs 
from the MR sensor 2a are sampled, and obtaining the moving speed V of 
the focus lens 1 from target speed or a target position of lens servo- 
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control. 

[0122] Furtheimor , the processing further comprises the 
steps of obtaining such K TO (k) and B TC (k) that T 0 (k) < T < 
T c (k+1) may hold, and such Kvg( k ) and B vG (k) that V c (k) < V < 
V 0 (k+1) may hold, among k = 1 to N from adjustment data, and 
obtaining a gain GAIN corresponding to T and V by Expression 
(13). 

GAIN-*. GAIN^ ( 

Wtc (k)(T - TO) i B„ (k)%KZ (k)(V - VO) + B VG (k) } 

[0123] The gain adjustment and offset adjustment are performed in the 
gain and offset adjusting section by using the gain GAIN obtained in 
this manner. Hereinafter, the lens position calculation etc. are 
executed similarly to that In Embodiment 1. 

[0124] In addition, a temperature variability of an amplitude center 
Hfl) base on an amplitude center MT 0 at the reference temperature T 0 , and 
a speed variability of an amplitude center based on an amplitude 
center at the reference speed V 0 are obtained by a sensor 
characteristic test. Often, they are approximated with polygonal lines 
Lm(l) to Ito(N), and Lvm(1) to Lvh(N) as shown in Figs. 13 and 14 
respectively. 

[0125] On the basis of this data, temperature T M (k) at a breaking 
point of the tenperature variability of an amplitude center, speed 
V M (k) at a breaking point of the velocity variability of amplitude, and 
data KxoresCk) , BpoFPs(k) . Kycra^k) , and BvcrFs(k) that are expressed in 
Expressions (14) to (17) are stored for k = 1 to N respectively as 
adjustment data in the nonvolatile adjustment data memory section 13. 
Here, KqcrasW [1/°C] denotes an inclination of a polygonal line I*m(k), 
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and Bkfts(Ic) denotes an intercept when Lm (k) Is extended to T « T 0 . In 
addition, Kvots(Ic) [l/(m/s) ] denotes an Inclination of" a polygonal line 
Lvm(K) , and Bvctvs(k) denotes an intercept when Lvm(K) is extended to V = 
V 0 . Furthermore, Mr(k) and M/(k) denote the amplitude variabilities at 
breaking points of the temperature variability and speed variability 
of amplitude centers respectively. 
[0126] 

M r (* + 1)-M r (fc) 

ro " s( } ^(it+D-r^w ~ <14) 

[0127] 

* ro «* <*) = - T M (A:)} + M T (*) -(15) 

[0128] 

[0129] 

(*) « ^W* (*)fo - V M (*)} + M v (k) _ ( 1 7 ) 

[0130] T5ien, adjustment similar to the case of the gain ±s performed 
by using Expression (18) Instead of Expression (12) and using 
Expression (19) Instead of Expression (13). 
[0131] 

OFFSET. - -, MAX. Mm 

TOFFS + & VOFFS ("■)/ 

...(18) 

[0132] 

OFFSET - OFFS 0 {K mFFS (*)(T - T 0 ) 

+ B TOFFS B VOFFS (*)} 

-(19) 

[0133] Owing to the above processing, it becomes possible to perform 
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appropriate adjustment also to the curvilinear fluctuation of the 
output values of the MR sensor 2a due to a change of environmental 
temperature and a change of the lens moving speed, that Is, to the 
case that linear approximation Is insufficient. 

[0134] According to each embodiment above described, it becomes 
possible to perform highly accurate position detection by suppressing 
accuracy deterioration in position detection that is caused by an 
event that the gain adjustment and offset adjustment of position 
detecting signals In a current lens position is not performed 
adequately, and that arl ses in conventional technology. 

[0135] In addition, since the gain adjustment and offset adjustment 
are adequately performed even when a temperature change arises when 
the focus lens 1 repeats moving for a long time within one period of a 
sinusoidal output of the MR sensor 2a or stays for a long time, it 
becomes possible to perform highly accurate position detection. 

[0136] Moreover, since the gain adjustment and offset adjustment are 
adequately performed even when it is not possible to accurately fetch 
maximum and minimum values of position detecting signals, which are 
outputs from the MR sensor 2a, at a sanpling rate of an A/D converter 
because of high lens moving speed, it becomes possible to perform 
highly accurate position detection. 

[0137] Hence, according to this embodiment, it becomes possible to 
perform the gain adjustment and offset adjustment with considering 
influences of an assembly error of a sensor magnet and the like 
beforehand. Hence, it is possible to provide a position detecting 
apparatus and a position detecting method that can adequately perform 
gain adjustment and offset adjustment without receiving an influence 
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of a problem that a gain and an offset disperse by a position of a 
measuring object In the direction of a measurement axis and can 
suppress the deterioration in position detection accuracy. 
[0138] In addition , by obtaining adjustment data corresponding to 
each wave number in a position detecting signal when a reference 
position of a focus lens is adjusted, it is possible to obtain the 
adjustment data that is adjustable at the same time for gain 
fluctuation and offset fluctuation that are caused by influences of 
environmental temperature etc. at that time. For* example, when the 
present invention is applied to a video camera etc . , this reference 
position adjustment Is performed without fall on power-on and at the 
switching to a recording mode. Hence, it is possible to obtain 
appropriate adjustment data corresponding to an operating environment 
where this position detecting apparatus is installed, and to perform 
ap pr opriate gain adjustment and offset adjustment. 

[0139] In addition, the case of detecting a position of the focus 
lens 1 by using the detecting magnet 2b and MR sensor 2a is described 
in the above-described Embodiments 1 and 2. Nevertheless, the present 
invention can be applied to the case of detecting a position of the 
focus lens 1 by using the optical scale 2d and optical encoder 2c 
instead of a detecting magnet and an MR sensor as shown in Fig. 2(C). 
[0140] The optical encoder 2c comprises a light -emitting section and 
a light - receiving section, and reflects light, emitted from the light- 
emitting section, by the optical scale 2d to output a signal 
corresponding to quantity of light detected by the light-receiving 
section. The optical scale 2d has a reflecting surface whose shape 
(direction) periodically changes in the direction parallel to an 
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optical axis. 

[0141] Then, It Is possible to generate a sinusoidal signal similar 
to that of the MR sensor by the shape of this optical scale 2d and the 
processing of a received light signal from the optical encoder 2c. 
Therefore, it is possible to apply a position detection method and a 
gain and offset adjustment method that are similar to the description 
in Embodiments 1 and 2. Specific processing is the same as those in 
Embodiments 1 and 2 above described. 

[0142] (EhibCKiiinent 3) 

Fig. 15 shows the structure of a camera (optical apparatus) 
comprising a position detecting apparatus that is Embodiment 3 of the 
present invention. In addition, though outputs of the MR sensor are 
made to be two phases, that is, a sine wave and a cosine wave in Fig. 
15, the present invention is not limited to this, but it is also good 
that the MR sensor outputs three or more phases of waves. Furthermore, 
the present invention is not limited to applications where output 
signals change sinusoidal 1y like these outputs of the MR sensor, but 
can be also applied to ones whose output signals change periodically. 
[0143] In Fig. 15, numerical reference 200 denotes a camera, and 
numerical reference 210 denotes a lens barrel provided in the camera 
200. In addition, the present invention can be applied also to an 
interchangeable lens system though a camera integrated with a lens 
barrel is described in this embodiment. 

[0144] Numerical reference 220 denotes an image pickup optical system 
provided in the lens barrel 210, and 301 denotes a focus lens (optical 
element) included in the image pickup optical system 220. This focus 
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lens 301 moves in the direction of an optical axis (cross direction in 
Fig, 15) since a driving force from a lens driving motor 310 Is 
transmitted through a driving mechanism not shown. 

[0145] In addition, numerical reference 320 denotes an image pickup 
device such as a OCD r or a CMOS sensor, and receives a subject image 
formed by the image pickup optical system 220 and transduces it 
photoelectrical 1y . A signal output from the image pickup device 320 
becomes a picture signal by being given various types of processing by 
a processing circuit not shown. And, the signal is recorded on a 
recording medium (tape, semiconductor memory, and optical disk, etc.) 
not shown, and is displayed in an electronic viewf inder (LCD etc.) not 
shown. Furthermore, in the camera according to this embodiment, it is 
possible to set a camera mode for recording a picture signal, obtained 
from an output signal from the image pickup device 320, in a recording 
medium, and a playback mode for displaying and outputting an image, 
having been already recorded in the recording medium, in an electronic 
view finder (LCD etc.). 

[0146] Numerical reference 302b denotes a detecting magnet (magnetic 
member) that moves in the direction of an optical axis with a focus 
lens 301 integrally. This detecting magnet 302b is magnetized in a 
specific pattern so as to become a reverse polarity alternately in the 
direction of the optical axis (the direction of a measurement axis in 
a position detecting apparatus) . 

[0147] Numerical reference 302a denotes an MR sensor (magnetic 

detection means ) , which is arranged with facing the detecting magnet 
302b through a predetermined gap. The MR sensor 302a outputs two 
phases of signals, that is, a sine wave and a cosine wave according to 
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the change of a magnetic field caused by the moving of the detecting 
magnet 302b Interlocking with the focus lens 301. 

[0148] TWO phases of outputs (analog signals) from the MR sensor 302a 
are amplified respectively by analog amplifiers 303a and 303b, and are 
converted into digital signals by an A/D converter 305 through sanple- 
hold circuits 304a and 304b. 

[0149] The MR sensor output digitally converted is inputted into a 
position calculating section 307 after gains and offsets are adjusted 
by a gain and offset adjusting section 306. The position calculating 
section 307 calculates lens position data showing a position of the 
focus lens 301 on the basis of two phases of input signals (position 
detecting signals) after these gain and offset adjustment . 
[0150] Hie lens position data obtained in this manner is sent to a 
lens controller 308. The lens controller 308 calculates a position of 
the focus lens 301, where the focusing of an image pickup optical 
system 210 is obtained on the basis of the focusing state of the image 
pickup optical system 210 that is detected by a phase difference 
detection system etc, in a focus detecting unit 315. Furthermore, the 
lens controller 308 outputs a control signal for driving the focus 
lens 301 to a driving circuit 309 so that the lens position data may 
coincide with a calculated lens position. Then, the driving circuit 
309 drives a lens driving motor 310 according to the inputted control 
signal. Owing to this, the position of the focus lens 301 is 
controlled by servo toward the focused position. In addition, a 
control method of the focus lens 301 is not limited to the above- 
described one. 

[0151] Numerical reference 312 denotes a volatile adjustment data 
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memory section, which ±s constituted by volatile memory such as DRAM. 
This volatile adjustment data memory section 312 stores adjustment 
data etc. for performing the gain and offset adjustment of outputs of 
the MR sensor 302a during the operation of the camera (under position 
detecting operation by the position detecting apparatus), volatilely, 
that is, so as to be deleted on power-off. 

[0152] Nunerlcal reference 313 denotes a nonvolatile adjustment data 
memory section, which is constituted by nonvolatile memory such as 
EEPROM. nils nonvolatile adjustment data memory section 313 stores 
initial values of adjustment data (initial adjustment data) for 
performing the gain and offset adjustment of outputs of the MR sensor 
302a regardless of whether the camera is operating (under position 
detecting operation by the position detecting apparatus) or not. 
nonvolatilely, that is, so as not to be deleted even on power-off. 
[0153] In addition, the adjustment data stored in the volatile 
adjustment data memory section 312 and nonvolatile adjustment data 
memory section 313 may be the values of GAIN and OFFSET shown In 
Expression (3), or may be the maximum value MAX and minimum value MIN 
that are shown in Expressions (1) and (2). 

[0154] The gain and offset adjusting section 306 reads out the 
adjustment data from the volatile adjustment data memory section 312 
or nonvolatile adjustment data memory section 313, and performs the 
gain and offset adjustment of the MR sensor outputs by applying this 
to Expression (3), or Expressions (1) to (3) that are above described. 
[0155] In addition, each oonponent included in an area enclosed by 
dotted and dashed lines in the diagram is constituted as hardware or 
software in a camera CPU 205 controlling various functions of the 
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camera 200. However, it is also good to provide -the components ±n a 
lens CPU controlling various functions of an interchangeable lens 
apparatus (not shown). 

[0156] In the state that the camera according to this embodiment is 
assembled in a factory, predetermined initial values are stored as 
gain and offset adjustment data In the nonvolatile adjustment data 
memory section 313. However, these initial values are tentative 
initial values in which the assembly error of a sensor and the errors 
of electric characteristics of circuits in an individual product are 
not reflected. Hence, when the power supply is turned on for the first 
time after assembly, accurate (true) initial adjustment data is 
obtained by driving the focus lens 301 as described below. 
[0157] Namely, as shown in a flow chart in Fig. 16, when the power 
supply is turned on (step S101), the camera CPU 205 makes the gain and 
offset adjusting section 306 read the tentative initial adjustment 
data (gain and offset adjustment data) stored in the nonvolatile 
adjustment data memory section 313. Then, the camera CPU 205 makes 
this set as adjustment data in the gain and offset adjusting section 
306 (step S102). 

[0158] Next, at step S103, the camera CPU 205 drives the focus lens 
301 from the wide end position automatically set by a power supply in 
the plus direction (direction of a tele end) at the predetermined 
speed throu^i the lens controller 308. The driving speed at this time 
is set at sufficiently low speed so as to be able to surely sample the 
maximum value MAX and minimum value MIN in a sine wave period. Then, 
the output from the MR sensor 302a (output from the A/D converter 305) 
is sartpled at each specific period (step S104), and the maximum value 
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and minimum value of the output are detected (step S105) . 
[0159] Next, when it Is detected at step S106 that the focus lens 301 
reaches a stroke end (here, a tele end), the process proceeds to step 
S107, and the camera CPU 205 calculates gain offset adjustment data 
(the gain GAIN and offset OFFSET) is from the maximum value and 
ndjiimum value of the sensor output detected at step 105 (step S107). 
[0160] Then, the camera CPU 205 makes the nonvolatile adjustment data 
memory section 313 store the obtained adjustment data as true Initial 
adjustment data (step SI 08). Owing to this, the accurate (true) 
initial adjustment data corresponding to an individual product has 
been stored in the nonvolatile adjustment data memory section 313. In 
addition, when the maximum value MAX and minimum value MEN are used as 
adjustment data, step S107 is skipped, and these values are stored in 
the volatile adjustment data memory section 312 at step S108 as it is. 
£0161] Furthermore, it is good to perform the storage of this initial 
adjustment data into the nonvolatile adjustment data memory section 
313 only once on power-on immediately after assembly in a factory. 
Alternatively, it is also good to update the storage of the initial 
adjustment data by performing the storage each time the lens system is 
reset thereafter. Here, the reset of a lens system means the 
initializing operation of the system that relates to lens drive when 
the power is turned on in a camera mode and when a mode is switched 
frxxn a playback mode to a camera mode. 

[0162] Next, the processing of the gain and offset adjusting section 
306 will be described according to a flow chart shown in Fig. 17 that 
obtains gain and offset adjustment data of the MR sensor 302a (here, 
GAIN and OFFSET) in this operation in the state that the adjustment 
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data, corresponding to an Individual product, has been already stoned 
in the nonvolatile adjustment data memory section 313 ( namely, the 
state that the adjustment data having been obtained in the past 
operation Is stored in the nonvolatile, adjustment data memory section 
313) - This processing is executed at the time of power-on or the reset 
of the lens system. In addition, the following processing is performed 
for each of plural phases of output from the MR sensor 302a. 
[0163] Firstly, at step Sill, the camera CPU 205 makes the gain and 
offset adjusting section 306 read the initial adjustment data which 
corresponds to an individual product and is stored in the nonvolatile 
adjustment data memory section 313. 

[0164] Next, at step S112, the camera CPU 205 makes the gain and 
offset adjusting section 6 set the read initial adjustment data as 
adjustment r\a*-a to apply the adjustment data to the gain and offset 
adjustment . 

[0165] Then, at step S113, the camera CPU 205 makes the lens 
controller 308 output a signal of driving the focus lens 301 in the 
plus direction at predetermined speed to the driving circuit 309. As 
above described, the driving speed at this time is set at sufficiently 
low speed so as to be able to surely sample the maximum value MAX and 
minimum value MIN in a sine wave period. 

[0166] "men, at steps S114 to S115, the camera CPU 205 detects the 
maximum and minimum values of outputs of the MR sensor 302a while the 
focus lens 301 moves. Moreover, the camera CPU 205 determines whether 
the focus lens 301 reaches a stroke end at step S116. Here, it is also 
good either to detect by an optical sensor: etc. whether the focus lens 
reaches the stroke end, or to determine whether a predetermined time 
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has elapsed from driving start* The process proceeds to step S117 when 
the lens reaches the stroke end (tele end) . 

[0167] At step S117, the camera CPU 205 determines whether the focus 
lens 301 has moved by one period or more of a sine wave output of the 
MR sensor 302a* When the focus lens 301 reaches the stroke end, the 
camera CPU 205 calculates gain and offset adjustment data from the 
detected maximum and minimum values at step S118, and makes the 
volatile adjustment data memory section 312 store the calculation 
result (when the maximum value MAX and minimum value MEN are used as 
adjustment data, these values are made to be stored In the volatile 
adjustment data memory section 312 as it is). After this, the gain and 
offset adjusting section 306 performs the gain and offset adjustment 
by using the adjustment data stored here. 

[0168] On the other hand, when the focus lens 301 does not move less 
than one period at step SI 17, neither the maximum value nor the 
minimum value of the sine wave output have been obtained yet. Hence, 
the process proceeds to step S119 without calculating the gain and 
offset adjustment data. 

[0169] At step S119, so as to return the focus lens 301 to the 
reference position (for example, wide end), the camera CPU 205 makes 
the lens controller 308 send a signal of driving the focus lens in the 
minus direction at predetermined speed to the driving circuit 309. 
Then, the maximum and minimum values of outputs of the MR sensor 302a 
are detected at step S120 to S121 also while the focus lens 301 at 
this time moves. Then, the camera CPU 205 determines at step S122 
whether the focus lens 301 reaches the stroke end (wide end) that is a 
reference position. If reaching, the process proceeds to step SI 23, 
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where the camera CPU 20 5 calculates the gain and offset adjustment 
data from the maximum and minimum values detected at step S121 to make 
the volatile adjustment data memory section 312 store the result. 
After this, the gain and offset adjusting section 306 performs the 
gain and offset adjustment by using the adjustment data stored here. 
[0170] It is also good either to detect whether* the focus lens 301 
has reached the reference position by an optical sensor etc. , or to 
determine whether a predetermined time has elapsed from driving start. 
Hereinabove , the gain and offset processing on the lens reset Is 
completed, and a mode shifts to a normal control mode. 

[0171] Owing to the above processing, the accurate gain offset 
adjustment data Is stored in the volatile adjustment data memory 
section 312, and the gain and offset adjusting section 306 accurately 
executes the gain and offset adjustment of outputs of the MR sensor 
302a. 

[0172] In addition, in the above description, the calculation of the 
gain and offset adjustment data is performed only when the focus lens 
301 reaches the stroke end. Nevertheless, as another embodiment, it is 
also good to calculate the gain and offset adjustment data each tine 
the outputs of the MR sensor 302a change by one period or more vftiile 
the focus lens 301 is driven at predetermined speed, and to update the 
adjustment data , which has been already stored in the volatile 
adjustment data memory section 312, with the calculated adjustment 
data. If this is adopted, since the adjustment data is updated at any 
time while the focus lens 301 is moving, it is possible to make the 
control of the focus lens 301 be accurate and stable at an earlier 
stage . 
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[0173 J (Embodiment 4) 

Fig, 18 shows the structure of a camera comprising a position 
detecting apparatus that is Embodiment 4 of the present Invention . 
mils embodiment is different from embodiment 3 In the respect that 
this embodiment comprises a temperature sensor 314 and components 
related to this. The same numerical references are assigned in this 
embodiment to components coiroon to those in Bnbodiment 3. 
[0174] The temperature sensor 314 is provided in the vicinity of the 
MR sensor 302a and detecting magnet 302b, and detects the ambient 
temperature of the MR sensor 302a and detecting magnet 302b. An output 
(analog signal) from the temperature sensor 314 is amplified by an 
analog amplifier 303c provided in a camera CPU 205 1 and is converted 
digitally by an A/D converter 305 through a sample-hold circuit 304c 
to be inputted into the gain and offset adjusting section 306. 
10175] In addition, when the camera 200 according to this embodiment 
has a function of correction of defocus due to temperature, namely, 
correcting a focusing position of the focus lens 301, which is 
calculated on the basis of data fr om a focus detecting unit 315, 
according to temperature , and suppressing focus point fluctuation due 
to the deformation of an image pickup optical system 220 and a 
mechanical member supporting this that is caused by a temperature 
change, it is also possible to use this temperature sensor 314 as a 
temperature sensor for correcting the defocusing. Owing to this, it is 
possible to reduce cost in comparison with the case that the 
tenperature sensor 314 is provided independently of a temperature 
sensor for defocus correction, and, it is also possible to miniaturize 
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a. camera. 

[0176] The processing of obtaining Initial adjustment data (GAIN and 
OFFSET, or MAX and MEN) used for gain and offset adjustment on the 
first power-on after the camera according to this embodiment is 
assembled at a factory is the same as that In Embodiment 3. However, 
In this embodiment , the camera CPU 205 1 makes the nonvolatile 
adjustment data memory section 313 store the variability data of gains 
and offsets to a temperature change of the MR sensor 302a in addition 
to this initial adjustment data. This variability data will be 
described later. In addition, the camera CPU 205 1 makes the 
nonvolatile adjustment data memory section 313 store the temperature 
data detected by the temperature sensor 314. 

[0177] Furthermore, also in this embodiment as well as Embodiment 3, 
it is good to perform the storage of this initial adjustment data Into 
the nonvolatile adjustment data memory section 313 only once on power- 
on inmediately after assembly in a factory. Alternatively, it is also 
good to update the storage each time new adjustment data is obtained 
by the lens system being reset thereafter. 

[0178] Hereinafter, the processing of obtaining gain and offset 
adjustment data (here, GAIN and OFFSET) of the MR sensor 302a in the 
state that the nonvolatile adjustment data memory section 313 has 
already stored the initial adjustment data will be described according 
to a flow chart shown in Fig. 19. This processing is executed on 
power-on in a camera mode or on the reset of the lens system, 
[0179] First of all, at step S131, the camera CPU 205' makes the 
Initial adjustment data ( true initial adjustment data) that 
corresponds to an individual product and is stored in the nonvolatile 
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adjustment data memory section 313, temperature data having been 
detected toy the temperature sensor 314 when the Ini t ial adjustment 
data was calculated, and the variability data of gains and offsets to 
the tenperature change of the MR sensor 302a read from the nonvolatile 
adjustment data memory section 313, Next, at step S132, the camera 
CPU 205' makes present temperature data, which Is detected by the 
temperature sensor 314, read. 

[0180] Then, at step S133, the camera CPU 205* makes the gain and 
offset adjusting section 306 give temperature correction processing 
(this will be described later) to the initial adjustment data read 
from the nonvolatile adjustment data memory section 313. Next, at step 
S134, the camera CPU 205' makes the gain and offset adjusting section 
306 perform the gain and offset adjustment at step S135 and subsequent 
steps that uses the tenperatuiDe-corrected initial adjustment data. The 
processing at step S135 and the subsequent steps Is similar to the 
processing in step S113 and the subsequent steps described in 
Embodiment 3 (Fig. 17). 

[0181] Next, the temperature correction processing executed at step 
S133 will be described. Nevertheless, since contents of the 
t mperature correction processing of gain adjustment data and offset 
adjustment data are almost ccranon, here, the tenperature correction 
processing of the gain adjustment data will be described in detail, 
and the temperature correction processing of the offset adjustment 
data wiU be described only for unique portions - 

[0182] Firstly, the temperature correction processing of the gain 
adjustment data In the case that it is assumed that the output 
amplitude (MAX - MEN) of the MR sensor 302a linearly changes to 
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temperature as shown In Fig. 20 will be described. 

[0183] As the gain variability data, an Inclination Kjg [1/°C] of a 
temperature variability of an$>lltude based on the output amplitude of 
the MR sensor 302a at the reference temperature T 0 that is shown in Fig. 
9 and is used in the description of Embodiment: 2 is obtained 
beforehand by a sensor characteristic test to be stored in the 
nonvolatile adjustment data memory section 313. In addition, a gain 
GAINo at the reference temperature T 0 that is obtained by the following 
Expression (20) is stored in the nonvolatile adjustment data memory 
section 313 as the Initial adjustment data of a gain differently from 
Embodiment 3 instead of the gain GAIN obtained by the above-described 
Expression (1). Here, T^rr denotes temperature data that Is detected 
by the temperature sensor 314 at the time of the calculation of the 
initial adjustment data performed when the power is turning on or the 
lens system is reset. 
[0184] 

°"».-a5^**^0W-r.)} _uo, 

[0185] The temperature correction processing at step S133 that uses 
this gain variability data is performed as follows. Namely, the 
initial adjustment data GAIN after the temperature correction is 
obtained by Expression (21) by using the initial adjustment data GAINo 
and variability data Kjg showing an inclination of the temperature 
variability of amplitude that are read f rem the nonvolatile adjustment 
data memory section 313 in step S131, and a current temperature sensor 
value T read at step S132. 
[0186] 
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GAIN GMN ° - ...(21) 

l + K m (T-T 0 ) 

[0187] In addition r as the offset adjustment data, similar 

tenperature correction processing Is performed by using Expression 
(22) instead of Expression (20), and Expression (23) instead of 
Expression ( 21 ) (namely, the offset adjustment data OFFSET of 
temperature correction V is obtained) - Here, Knoers [1/°C] denotes an 
inclination of the temperature variability of an amplitude center 
based on an amplitude center of the MR sensor 32a at the reference 
temperature T 0 as shown in Fig. 10, and is stored in the nonvolatile 
adjustment data memory section 313 after being obtained in the sensor 
characteristic test. 
[0188] 

MAX+MIN 

OFFSET^ « —r r ~( 22 ) 

2 F + ^ TOFFS (Tjnzt - T Q )j 

[0189] 

OFFSET - OFFSET^* (T -r o )} -( 23 ) 

[0190] The temperature correction is applied to the initial 

adjustment data stored In the nonvolatile adjustment data memory 
section 313 by performing the processing shown in step S135 and 
subsequent steps by using the GAIN and OFFSET obtained In this manner 
as the initial adjustment data. Hence, it is possible to perform the 
more stable servo control of the focus lens 301. 

[0191] In the above description, the adjusting method in the case 
that it is approximated that the output amplitude (MAX - MTN) of the 
MR sensor 302a linearly changes to temperature is described. 
Nevertheless, depending on characteristics of the MR sensor 302a and 
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amplifier circuits 303a to 303c, etc. , the output anplitude of the MR 
sensor* 302a curvi 1 1 nearly changes to the tenperature. Hence, it may be 
supposed that the linear approximation is insufficient. Then, a gain 
adjusting method in suc±i a case will be described. 

[0192] First of all, the tenperature variability of anplitude based 
on the output amplitude of the MR sensor 302a at the reference 
temperature To is obtained by a sensor characteristic test, and is 
approximated with polygonal lines Lro(l) to I*ro(N) as shown in Fig. 11. 
[0193] On the basis of this data, temperature T G (k) at a breaking 
point of the data, and data of Krc(k) and Brc(k) that are expressed in 
Expressions (24) to (25) are stored for k = 1 to N respectively as 
gain variability data in the nonvolatile adjustment data memory 
section 313. Here, Krc(k) [1/°C] denotes an inclination of a polygonal 
line I/rc(k) , and Bro(k) denotes an intercept when L^; (k) is extended to 
T = T 0 . In addition, Wr(k) denotes an amplitude variability at a 
breaking point of the temperature variability of output artplitude of 
the MR sensor 302a. 
[0194] 

roV 3 T G {k+l)-T G (k) 
[0195] 

B m (*) - K m (*){r o —T G (k)}+W r (k) _ ( 2 5 ) 

[0196] A gain GAIN 0 at the reference temperature T 0 that Is obtained 
by Expression (26) Is stored, in the nonvolatile adjustment data memory 
section 313 as the initial adjustment data Instead of the gain GAIN 
obtained by Expression (1). Here, Tdot denotes temperature data that 
is detected by the temperature sensor 314 at the time of obtaining the 
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initial adjustment data. In addition, Krc(k) denotes the data of an 
Inclination and an Intercept at such a breaking point that T G (k) < 
< T G (k+l) holds among k ■ 1 to N, 
[0197] 

~(26) 

[0198] The correction processing at step S133 that uses 
this variability data is performed as follows. Namely, the 
initial adjustment data GAIN after the temperature 
correction is obtained by Expression (27) by using the 
initial adjustment data GAIN 0 read from the nonvolatile 
adjustment data memory section 313 at step S131, a current 
temperature sensor value T read at step S132 , and such 
K TG (k) and B TG (k) that T c (k) < T < T 0 (k+1) holds among k = 1 
to N In the temperature correction data read at step S131. 
[0199] 

„ Ar „ GAIN 0 

GAIN- 0 -(27) 

[0200] In addition, as for the offset, the teoperature variability of 
an amplitude center based on the amplitude center Mr(0) at the 
reference temperature T 0 is obtained by a sensor characteristic test, 
and is approximated with polygonal lines 1^(1) to I*m (N) as shown in 
Fig. 13. On the basis of this variability data, tenperature T M (k) at a 
breaking point of the tenperature variability of an anplitude center, 
and data of KrcreCk) and BrorcsCk) that are expressed in Expressions (12) 
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to ( 13 ) are stored for k «= 1 to N respectively as the initial 
adjustment data In the nonvolatile adjustment data memory section 313. 
Here, Ko*?s(k) [1/°CJ denotes an Inclination of a polygonal line I*M(k) , 
and BOTTs(k) denotes an Intercept when Ljm (k) Is extended to T » T 0 . In 
addition, Mr(k) denotes an axrpUtude variability at a breaking point of 
the tenperature variability of the amplitude center. 
[0201] 



M T (k+l)-M T (k) r28 . 
W T M (k+l)-T„(k) '" (28) 



[0202] 

B TOFFS 

(k) - K^ffs (k){T 0 -T M (k)} + M T (k) ~( 29 ) 

[0203] Then, temperature correction similar to the case of the gain 
is performed by using Expression (30) instead of Expression (26) and 
using Expression (31) instead of Expression (27). 

[0204] 

OFFSET, - -, MAX.MW _ ( J0 , 

TOFFS B TOFFS 

OFFSET - OFFSET 0 - T 0 ) + (k)} ~ ( 3 1 ) 

[0205] Owing to the above processing, it becomes possible to perform 

appropriate temperature correction of the initial adjustment data also 

to the case that linear approximation is insufficient because of the 

curvilinear fluctuation of the MR sensor output due to a temperature 

change. 

[0206] (Embodiments 5 and 6) 

Figs . 20 and 21 show the structure of cameras comprising 
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respectively position detecting apparatuses that are Bnbodiments 5 and 
6 of the present Invention* Each of these conprlses an optical scale 
302d and an optical encoder 302c Instead of the detecting magnet 302b 
and MR sensor 302a In the above-described Embodiments 3 and 4 as a 
sensor that detects a position of the focus lens 301. 

10207] The optical encoder 302c ccnprlses a ligjit - emitting section 
and a light -receiving section, and reflects light, emitted from the 
ligfit -emitting section, by the optical scale 302d to output a signal 
corresponding to quantity of light detected by the light-receiving 
section. Hie optical scale 30 2d has a reflecting surface whose shape 
(direction) periodically changes in the direction parallel to an 
optical axis. 

[0208] Then, it is possible to generate a sinusoidal signal similar 
to that of the MR sensor by the shape of this optical scale 302d and 
the processing of a received light signal from the optical encoder 
302c. Therefore, it is possible to apply a position detection method 
and a gain and offset adjustment method that are similar to the 
description In Rnbodiments 3 and 4. 

[0209] Specific processing Is the same as those in Embodiments 3 and 
4 above described, its description is omitted. 

[0210] As above described, gains and offsets of outputs of an MR 
sensor and a sensor such as an optical encoder vary by assembly errors 
of sensors, errors of circuits, thermal characteristic changes of the 
sensors, and the like in individual products. Nevertheless, the 
assembly errors of the sensors and the errors of electric 
characteristics of circuits hardly vary in the same individual among 
these. Hence, by storing the adjustment data, detected at the time of 
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the past energized operation. In a nonvolatile adjustment data memory 
section and performing the gain and offset adjustment by using this 
stored adjustment data (GAIN and OFFSET, or MAX and MTN) Immediately 
after power-on or a system reset, it is possible to stably control an 
object from Immediately after power-on or the start of a system reset. 
Hierefore, it is possible to surely sample the maximum and minimum 
values of a sensor output by driving the object meanwhile at 
sufficiently low speed. Owing to this, it is possible to obtain the 
gain and offset adjustment data without making the object perform 
extra reciprocation. In other words. It Is possible to shorten the 
time when stable control can be performed after the power-on or the 
start of a system reset. 

[0211] Moreover, by detecting the temperature around the sensor and 
correcting the fluctuation of the initial adjustment data due to the 
temperature on the basis of the detected temperature and the gain and 
offset variability data to the temperature change that is stored in 
the nonvolatile adjustment data memory section, it is possible to 
stably control the object even when the power is turned on or the 
system is reset under environmental temperature different from the 
temperature at the time when the adjustment data on the past energized 
operation was stored in the nonvolatile adjustment data memory section. 
[0212] In addition, though the position detection of a focus lens 
included in an image pickup optical system of a camera is described In 
each of the above-described embodiments, the present invention can be 
also applied to an apparatus performing the position detections of a 
movable optical element except the focus lens (for example, a zoom 
lens) or a movable object except the optical element. 
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[0213] While preferred embodiments have been described, it is to be 
wderstood that modification and variation of the present invention 
may be made without departing from the sprit or scope of the following 
claims. 
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